Aspects Concerning the Use of the Moodle Platform – Case Study  by Gogan, Maria Luminita et al.
 Procedia Technology  19 ( 2015 )  1142 – 1148 
Available online at www.sciencedirect.com
ScienceDirect
2212-0173 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of “Petru Maior” University of Tirgu Mures, Faculty of Engineering
doi: 10.1016/j.protcy.2015.02.163 
L@$FL=JF9LAGF9D GF>=J=F;= $FL=J<AK;AHDAF9JALQAF F?AF==JAF?
$)/ - )"
*;LG:=J

/AJ?M(MJ=K
-GE9FA9
KH=;LK;GF;=JFAF?L@=MK=G>L@=(GG<D=HD9L>GJE  9K=KLM<Q
(9JA9 'MEAFAL9 "G?9F9

-GP9F9 .AJ:M9
F;9 J9?@A;A9
%"!) $!$!+'(!)-!#!(%'*")-%$#$)$'$(&%'))!%$	#*(()'		!#!(%'%#$!
  
 PHGF=FLA9D ?JGOL@ AF ;GEHMLAF? GN=J L@= H9KL <=;9<= @9K LJA??=J=< L@= <=N=DGHE=FL G> E9FQ MK=>MD $/ LGGDK 9F< AEHDA;AL
L=9;@AF?
 <=N=DGHE=FL G> K=N=J9D  D=9JFAF? HD9L>GJEK
 O@A;@ @9N= :=;GE= EGJ= >9EADA9J LG L=9;@=JK 9F< KLM<=FLK "=F=JA;
D=9JFAF? D=9JFAF?;9F:=<=>AF=<9K<AKL9F;=D=9JFAF?AF9HJG?J=KKAN=9F<;GDD9:GJ9LAN=D=9JFAF?
O@A;@;GE:AF=KLJ9<ALAGF9D
L=9;@AF?E=L@G<KOAL@E=L@G<K:9K=<GF$/J=KGMJ;=KOAL@ L@=G:B=;LAN=G> AF;J=9KAF? L@=H=J>GJE9F;=G> AF<ANA<M9D D=9JF=JK
'=9JFAF? D=9JFAF?AK:9K=<GFEG<=JFL=9;@AF?AF9<A>>=J=FLO9QL@9F;D9KKA; O@A;@AK EGJ=9LLJ9;LAN=9F< @9K 9FAEHGJL9FL
JGD= G> CFGOD=<?= :MAD<AF? 9F< =N9DM9LAGF H=J>GJE=< AF 9F 9LLJ9;LAN= E9FF=J 9F< ;MKLGE
 :GL@ L@GK= <AJ=;LAF? D=9JFAF?

=KH=;A9DDQ 9K D=9JF=JK  HMHADK GJ KLM<=FLK /@AK H9H=J AFL=F<K LG HJ=K=FL L@= >MF;LAGF9DALA=K G> L@=  D=9JFAF? HD9L>GJEK /@AK
9HHJG9;@MF<=JDAF=K A<=FLA>QAF? L@= LJ9AFAF?G>KLM<=FLK AFMKAF?(GG<D=HD9L>GJE
:9K=<GF9.2*/9F9DQKAK9F<:9K=<GF9
IM=KLAGFF9AJ=KMJN=Q/@=IM=KLAGFF9AJ=KO=J=HGGD=<MKAF?"GG?D=G;KHD9L>GJE/@=J=KMDLKG:L9AF=<>JGE L@=IM=KLAGFF9AJ=K
@9N=K@GOFKGE=HGKALAN=9F<KGE=F=?9LAN=9KH=;LK
S  /@=ML@GJK+M:DAK@=<:Q DK=NA=J'L<
.=D=;LAGF9F<GJH==JJ=NA=OMF<=JJ=KHGFKA:ADALQG>^+=LJM(9AGJ_0FAN=JKALQG>/AJ?M(MJ=K
!9;MDLQG> F?AF==JAF?
-,%'(  D=9JFAF?EGG<D= HD9L>GJE >MF;LAGF9DALA=KIM=KLAGFF9AJ=
  ! 
/@==PHGF=FLA9D?JGOL@G> AF>GJE9LAGF<=N=DGH=<F=OL@AFCAF?L9J?=L=<K=D=;LAGFG>KM:B=;LKO@A;@J=>=JK LG
@GOO= 9;IMAJ= CFGOD=<?= 9F< KCADDK
 9F< @GOO= <=N=DGH D=9JFAF? J=KGMJ;=K
 C==HAF? MHOAL@ L@= CFGOD=<?=
:9K=< =;GFGEQ '=9JFAF? AK 9 NAL9D 9;LANALQ AF L@= ;MJJ=FL CFGOD=<?=:9K=< F=O =;GFGEQ ;@9J9;L=JAR=< :Q
?DG:9DAR9LAGF
 AF;J=9K=< AFL=FKAN= ;GEH=LALAGF
 CFGOD=<?= K@9JAF? 9F< LJ9FK>=J
 9F< AF>GJE9LAGF L=;@FGDG?Q
GJJ=KHGF<AF?9ML@GJ /=D	
#!"'(( ?G?9F8E9JA9Q9@GG;GE
© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of “Petru Maior” University of Tirgu Mures, Faculty of Engineering
1143 Maria Luminita Gogan et al. /  Procedia Technology  19 ( 2015 )  1142 – 1148 
J=NGDMLAGF /GC==HMHOAL@F=OL=;@FGDG?A;9DLJ=F<KAFL@==<M;9LAGF9DKQKL=EAFKLALMLAGFKG>@A?@=J=<M;9LAGF@9N=
<=N=DGH=<F=O;GEEMFA;9LAGFHD9L>GJEK0KAF?L@= GFDAF==FNAJGFE=FLLGHJ=K=FL D=9JFAF?AFALA9LAN=K@9K;J=9L=<
=PH=;L9LAGFK:GL@AFL@=:MKAF=KKE9JC=L9F<9EGF?AFL@=@A?@=J=<M;9LAGFAFKLALMLAGFK )GO9<9QK
 L@=;GEHML=JAK
9KA?FA>A;9FLH9JLG> L@= D=9JF=JK<9ADQ DA>= $L AK
:QFGO
 AF=NAL9:D= L@9LE=L@G<KG> L=9;@AF?9F< D=9JFAF?K@GMD<
AF;DM<= D=9JFAF?;GEHGF=FLKL@9L9J=:9K=<GFL@=;GEHML=J=FNAJGFE=FL9F<AF;DM<=HJGH=JHJ=H9J9LAGF>GJL@=
KL;=FLMJQO@A;@J=IMAJ=K9F=OH=<9?G?Q 67 /@=F=OL=;@FGDG?QKMHHGJLL@=KLM<=FLKD=9JF=JK9F<HJ=K=FLK
9F 9DL=JF9LAN= >GJ L@GK= O@G O9FL LG KLJAC= 9 :9D9F;= :=LO==F HJAN9L= DA>=
 ;9J==J
 9F< ;GFLAFMAF? KLM<A=K /@=
<=N=DGHE=FLG>L@AKLQH=G>D=9JFAF?@9K>G;MK=< HJAE9JADQGFL@=AEHD=E=FL9LAGFG>L=;@FGDG?A;9DJ=KGMJ;=KO=:
HD9L>GJE9F<L@=<=>AFALAGFG>KL9F<9J<K>GJL@==P;@9F?=9F<J=MK=G>D=9JFAF?G:B=;LK/@AK@9KD=<L@=J=K=9J;@=JK
LG<=>AF=9DGLG> D=9JFAF?HD9L>GJEKOAL@L@=HMJHGK=LG;J=9L=L@=D=9JF=J]KK=D>H9;=<D=9JFAF?HJG;=KK67 /@AK
E=L@G<AKGF=G>L@=EGKL<QF9EA;>GJEKG>D=9JFAF?:=;9MK=AL@=DHKJ=<M;=<=H=F<=F;=GFLAE=9F<KH9;=$LAK9
HJG;=KK9<9HL=<
H=JKGF9DAR=<9F<<=<A;9L=<LGL@=KLM<=FLF==<9F<KH=;A>A;K=FNAJGFE=FL
ALAK 9N9AD9:D=9L9FQLAE=
9F<;9F:=9;;=KK=<9FQO@=J=/@=J=>GJ=
9F=O;@9DD=F?= LG L@=<=N=DGH=JKG> D=9JFAF?HD9L>GJEKOGMD<:= LG
AEHJGN=HD9L>GJEK
O@A;@E9C= ALHGKKA:D=;GE:AFAF? LJ9<ALAGF9D L=9;@AF?E=L@G<KOAL@F=O L=;@FGDG?A=K LG L9C=
AFLG9;;GMFL;J=9LAF?9FAFL=J9;LAN=;GFL=FL
=<M;9LAGF9D9F<H=JKGF9DAR=< 67 /@AKD=9<KLG;GFLAFMGMK<=N=DGHE=FL
9F< AEHJGN=E=FL G> KG>LO9J= <=N=DGH=JK >GJ H=JKGF9DAR=< D=9JFAF? .G>LO9J= <=N=DGH=JK EMKL ?G :=QGF< L@=
H9J9<A?EKG>L@=AJ<AK;AHDAF=O@=FL@=QE9<= L@=<=KA?F9F<AEHD=E=FL9LAGFG>L@=D=9JFAF?HJG?J9E/@=Q@9N=LG
K==C AFL=J<AK;AHDAF9JQ =P;@9F?= L=9;@=JK
 9ML@GJK 9F< D=9JF=JK /@=J= 9J= 9DKG E9FQ ;GEH9FA=K KM;@ 9K )AFL@
#GMK=
 /@GEKGF '=9JFAF?
 &==H .E9JL;GE
 9F< =(AF<;GE 9N9AD9:D= L@9L HJGNA<=  '=9JFAF? HD9L>GJEK DAC=
D9;C:G9J<9;GEE=J;A9DGF=9F<9FGH=FKGMJ;=(GG<D= 67
$FL=J=KLAF<=N=DGHAF?9HD9L>GJE>GJ D=9JFAF?@9K=E=J?=<AF9;9<=EA9AFL@==9JDQK;GF;J=L==P9EHD=
AKL@=GF=(M=FKL=J0FAN=JKALQ
O@A;@AF<=N=DGH=< '=9JF.=JN=HD9L>GJE$F;GFLJ9KLLG ;GEE=J;A9D  D=9JFAF?
HD9L>GJEK
'=9JF.=JN=
:=AF?<=N=DGH=< :Q(M=FKL=J0FAN=JKALQ
E9C=K D=9JFAF?G>>=JAF?K9N9AD9:D= L@GM?@ L@=
=E=J?AF? H9J9<A?E G>2=: K=JNA;=K 67 /@= AEHD=E=FL9LAGF G> L@AK LGGD AF L@= 9J=9 G>  D=9JFAF? >9;ADAL9L=K 9
;GFKA<=J9:D=>D=PA:ADALQ>GJL@=MK=JKG>L@=KQKL=E:GL@AFMK9?=G>>MF;LAGF9DALA=K9F<K=D=;LAGFG>;GFL=FL
/@=HJ=K=FLH9H=J@A?@DA?@LKKGE=9KH=;LKG>9K;A=FLA>A;9HHJG9;@G>KG;AGDG?A;9D9F9DQKAK9F<AFL=JHJ=L9LAGF>JGE
<9L9G:L9AF=<AFGF=KLM<Q:9K=<GFG:K=JN9LAGF9F<IM=KLAGFF9AJ=
/@AK J=K=9J;@ O9K 9HHDA=< LG $ KLM<=FLK AKL9F;= '=9JFAF? OAL@ L@= >GDDGOAF? KL=HK AFALA9LAF? J=K=9J;@

<=N=DGHE=FL 9F< J=HJG<M;LAGF G> L@= IM=KLAGFF9AJ=
 <=L=JEAFAF? K9EHD=
 <9L9 ;GDD=;LAGF
 <9L9 =FLJQ AF ;GEHML=J

;GEHML=J HJG;=KKAF? G> <9L9 >JGE IM=KLAGFF9AJ=K
 KL9LAKLA;9D 9F9DQKAK 9F< AFL=JHJ=L9LAGF G> KG;AGDG?A;9D J=K=9J;@
J=KMDLK 9F< ;GF;DMKAGFKG> L@= KLM<Q<J9>LAF? /@=H9H=J ;GF;DM<=K L@9L L@= ;GF;=HL G> D=9JFAF? AK 9F AEHGJL9FL
<=N=DGHE=FLAF=<M;9LAGF$LJ=;G?FAR=KL@= L@=LJ9FKALAGF >JGEL=9;@AF?LGD=9JFAF?9F<HMLKL@=KLM<=FL :=>GJ=L@=
AFKLALMLAGF /@= MFAN=JKALA=K LGG @9N= LG ;@9F?= L@=AJ KLJ9L=?Q 9F<EGN= 9O9Q >JGE LJ9<ALAGF9D D=9JFAF?EG<=K LG
EGJ=AFFGN9LAN=9F<H9JLA;AH9LAN=GF=K
  
 D=9JFAF?G>>=JKF=OO9QKG>D=9JFAF?>GJAFKLALMLAGFKG>@A?@=J=<M;9LAGF:9K=<;GEHML=J9F<F=LL=;@FGDG?A=K
/@= KH@=J= G>  D=9JFAF? @9K =F9:D=< MFAN=JKALA=K LG =PH9F< L@=AJ 9J=9K G> CFGOD=<?= :GL@ F9LAGF9DDQ 9F<
AFL=JF9LAGF9DDQ/@= LAE=?J9FL=<G> L@=KLM<Q AKFGL DAEAL=< LG9KH=;A>A;HD9;=GJ LAE=:MLE9Q:=9L9FQ LAE=GJ
KH9;=  D=9JFAF? AK<=>AF=< 9K L@=MK=G>F=OEMDLAE=<A9 L=;@FGDG?A=K9F< L@=$FL=JF=L LG AEHJGN= L@=IM9DALQ G>
D=9JFAF? :Q >9;ADAL9LAF? 9;;=KK LG J=KGMJ;=K 9F< K=JNA;=K
 9K O=DD 9K J=EGL= =P;@9F?= 9F< ;GDD9:GJ9LAGF 67  
D=9JFAF?AKGF=G>L@=F=OD=9JFAF?LJ=F<KL@9L;@9DD=F?=L@=LJ9<ALAGF9D^:M;C=LL@=GJQ_GJL@=:9FCAF?;GF;=HLG>
=<M;9LAGF 67
 D=9JFAF? ;GF;=HL @9K :=;GE= AF;J=9KAF?DQ AEHGJL9FL AF L@= >A=D< G> @A?@=J =<M;9LAGF 9F< =<M;9LAGF9D
;GEEMFALA=K /@= =E=J?=F;= G> L@AK >GJE G> =<M;9LAGF AK :9K=< GF L@= J9HA< ?JGOL@ G> AF>GJE9LAGF 9F<
;GEEMFA;9LAGFL=;@FGDG?A=K
9KO=DDGF 9<N9F;=<;GEHML=JCFGOD=<?=9;IMAJ=<:QKLM<=FLK -=9KGFK>GJG:L9AFAF?
KM;@KA?FA>A;9F;=;9F:=9LLJA:ML=<LGK=N=J9D >9;LGJK*F=G> L@=EGKLAEHGJL9FL >9;LGJKAK L@=AF;J=9KAF?JGD= L@9L
L@=Q@9N=GF D9F?M9?=K9F<GHHGJLMFALA=KL@9L9JAK=>GJHJG>=KKAGF9DKO@G@9N=9 ?GG<CFGOD=<?=G>L@=D9F?M9?=LG
E9C=9;9J==JAF;GMFLJQ9F<9:JG9< )GO9<9QK

GF=;9FG:K=JN=9?JGOAF?LJ=F<9EGF?QGMF?H=GHD=LGE9KL=J
E9FQ KH=;A9DLA=K =N=DGHAF? L=;@FGDG?A=K 9DDGOHJG>=KKGJK LG ;J=9L=EMDLAE=<A9 ;GMJK=K >GJ ;=JL9AF KLM<=FLK 9F<
1144   Maria Luminita Gogan et al. /  Procedia Technology  19 ( 2015 )  1142 – 1148 
HJGNA<=L@=9;;=KKLGGFDAF=E9L=JA9DK N=JQD=9JF=J;9FK=D=;L9KM:B=;LLG:=KLM<A=<LGL@=AJL9KL=9KO=DD9KH9;=
G>D=9JFAF? 67
#GO=N=J
9FAEHGJL9FLJ=K=9J;@<AJ=;LAGFAF<A;9L=KL@9LKLM<A=KGF;J=9LAF?9F=FNAJGFE=FL>GJ D=9JFAF?AKFGL
KAEHDQ 9 L=;@FA;9D AKKM=
 :ML J9L@=J
 AL J=IMAJ=K ;GFKA<=J9LAGF G> K=N=J9D @ME9F 9F< KG;A9D >9;LGJK '=9JF=JK
H=J;=HLAGFK 9:GML L@= L=;@FGDG?Q MK=< <=L=JEAF= L@=AJ 9LLALM<=K LGO9J<K L@=E /@= ;@GA;= G> =<M;9LAGF9D
L=;@FGDG?A=K K@GMD< FGL := ?MA<=< :Q 9 L=;@FGDG?A;9DDQ <=L=JEAFAKLA; 9HHJG9;@ :ML K@GMD< := :9K=< 9;;GJ<AF? LG
;GFL=PLM9DJ=IMAJ=E=FLKJ=D9L=<LG9:JG9<J9F?=G>KG;A9D
;MDLMJ9D
HGDALA;9D9F<=;GFGEA;9D67  D=9JFAF?AKEGJ=
9F<EGJ= CFGOF 9F< 9N9AD9:D= LG<9Q
 AL AK >J== >GJ ;GMJK=KO@A;@ 9J= @=D< :Q HM:DA; AFKLALMLAGFK $L G>>=JK LG L@=
KLM<=FL]K GHHGJLMFALQLGKLM<Q9L@GE=
 A>L@=Q@9N=$FL=JF=L9;;=KK9F<?AN=KL@=;@9F;=LGH9JLLAE=KLM<=FLK9F<
<AK9:D=<H=GHD=LGKLM<Q9KO=DDGMJK=K9J=;J=9L=<:QLGHHJG>=KKGJ>JGEL@=D=9<AF?MFAN=JKALA=K
;9F:=9N9AD9:D=
>GJ:A??=J9M<A=F;=K AFKE9DD LGOFK9F<=N=FNADD9?=K
 AF K;@GGDK9F<;GDD=?=KG>H=JAH@=JQ/@= GL@=J >9;LGJ L@9L
AF>DM=F;=K D=9JFAF? AK L@9L AF L@AK =J9 F9E=< L@= CFGOD=<?= =J9
 L@= QGMF?=J ?=F=J9LAGFK ;9F <GOFDG9< L@AF?K
=9KADQGF<=E9F<9F<9J=IMAL=;GE>GJL9:D=OAL@@QH=JL=PLAF?GJH9J9DD=DHJG;=KKAF?9F<KGL@=Q9J=;9DD=<^<A?AL9D
F9LAN=K_67
/@= K=;GF< <AJ=;LAGF G> L@AK =<M;9LAGF9D 9HHJG9;@ K@GMD< 9DKG L9C= AFLG 9;;GMFL L@= AEH9;L GF L@= D=9JF=JK
LGO9J<K ;J=9L=< L@= >A=D< G>  D=9JFAF?
 D=9JFAF? 9LLALM<= 9F< L@=AJ KLQD= L@JGM?@ L@AK KQKL=E 67 9K O=DD 9K
HJGEGLAF? L=9;@=JD=9JF=J J=D9LAGFK@AH
 =F?9?AF? KLM<=FLK AF ?JGMH 9;LANALA=K
 AF;DM<AF? J=?MD9J ;GEEMFA;9LAGF
LJ9AFAF? G> >==<:9;C
 ;GMJK= GJ?9FAR9LAGF =>>=;LAN=DQ MKAF? L=;@FGDG?A=K L@9L 9J= >D=PA:D= 67  D=9JFAF? ;9F :=
NA=O=< 9K L@= <=DAN=JQ G> ;GMJK= ;GFL=FL NA9 =D=;LJGFA; E=<A9
 KM;@ 9K $FL=JF=L
 $FLJ9F=LK
  PLJ9F=LK
 K9L=DDAL=
:JG9<;9KL
9M<AGNA<=GL9H=
AFL=J9;LAN=/1
9F<-*( 67
/@= L@AJ< <AJ=;LAGF AK 9HH9J=FL >JGE L@= J=K=9J;@=K GF LG L@= KLM<=FL :=@9NAGJ AF MKAF?  D=9JFAF? HD9L>GJE
AF>DM=F;=< :Q K=N=J9D >9;LGJK  9;@ KLM<=FL <=N=DGHK @AK GJ @=J GOF KLQD= G> D=9JFAF? .LM<=FLK @9N= <A>>=J=FL
D=9JFAF?KLQD=KKGE=G>L@=ED=9JFIMA;CDQ9F<;9FKQFL@=KAR=J9HA<DQL@=AF>GJE9LAGF
O@AD=GL@=JKHJ=>=JLGD=9JF
AF 9 KDGO=J J@QL@E !MJL@=JEGJ=
 KGE= KLM<=FLK DAC= LG OGJC 9DGF= O@AD= GL@=JK HJ=>=J LG OGJC AF ?JGMHK
$F>GJE9LAGF L=;@FGDG?Q 9DDGOK ;MKLGEAR9LAGF L@= KLM<=FL =PH=JA=F;= 9F< 9DDGOK 9<9HL9LAGF LG <A>>=J=FL D=9JFAF?
KLQD=K &@9F ;GF;DM<=K L@9L L@= ;GF;=HL G>  D=9JFAF? AK K==F 9K KQFGFQEGMK OAL@ O=::9K=< D=9JFAF? 2'

$FL=JF=L:9K=< LJ9AFAF? $/
9<N9F;=<<AKLJA:ML=< D=9JFAF? '
O=::9K=< AFKLJM;LAGF 2$
GFDAF= D=9JFAF?
*'9F<GH=F3=PA:D=D=9JFAF?*!'67
;IMAJAF?9 D=9JFAF?KLQD= AF>DM=F;=K D=9JFAF?:=@9NAGJG>9H=JKGF<MJAF?K;@GGD9;LANALA=K 9F<@AK=PH=JA=F;=
9>>=;LK>MLMJ=OGJC /@=J=K=9J;@=JK:=DA=N=L@9LD=9JFAF?KLQD=AK9?GG<AF<A;9LGJG>HJ=>=JJ=<D=9JFAF?:=@9NAGJG>9
H=JKGF $L AK AEHGJL9FL LG @9N= 9F< LG ?AN= EGJ= GHHGJLMFALA=K LG D=9JF :=;9MK= AFKLJM;LGJK ;9FFGL 9DO9QK
9;;GEEG<9L==9;@KLM<=FLKF==<K67
E9L;@:=LO==FD=9JFAF?KLQD=9F<L=9;@AF?KLQD=J=N=9DKAF;J=9K=KAFKLM<=FLK9LAK>9;LAGF67!MJL@=JEGJ=
  
D=9JFAF?HD9L>GJEK@9N=L@=HGL=FLA9DLG;@9F?=FGLGFDQ@GOKLM<=FLC==HK9F<9;;=KK=KCFGOD=<?=
9KO=DD9KLG
LJ9FK>GJE9F<J=KLJM;LMJ=LJ9<ALAGF9DEG<=DKG>@A?@=J=<M;9LAGF67

	 %%"&")%'#
(GG<D= (G<MD9J *:B=;L *JA=FL=< QF9EA; '=9JFAF?  FNAJGFE=FL HD9L>GJE
 AL AK CFGOF 9K 9 '=9JFAF?
(9F9?=E=FL .QKL=E '(. 9F< 9 >J== *H=F .GMJ;= ;GMJK= E9F9?=E=FL KQKL=E (. GJ 1AJLM9D '=9JFAF?
 FNAJGFE=FL1' K9LGGD>GJ;J=9LAF?<QF9EA;GFDAF=O=:KAL=K>GJKLM<=FLK
@9K:=;GE=N=JQHGHMD9J9EGF?
=<M;9LGJK9JGMF<L@=OGJD<
(GG<D=HD9L>GJE AK9F '=9JFAF?HJGB=;L<=K;JA:=< 9K9;GMJK=E9F9?=E=FLKQKL=E67/@=(GG<D==EH@9KAK
AK9DO9QK>G;MK=<GF?ANAF?=<M;9LGJK
L@=:=KLLGGDKLGE9F9?=9F<HJGEGL=D=9JFAF?ALAK<=KA?F=<LG@=DHL=9;@=JK
;J=9L= =>>=;LAN= GFDAF= ;GEEMFALA=K >GJ LJM= D=9JFAF? D=9JFAF? HD9L>GJE:9K=< GF J=KGMJ;=K 9F< 9;LANALA=K /@=
E9AFJ=KGMJ;=AKL@=LJ9AFAF?
:9K=<GFO==CDQD=KKGFK9F<9;LANALA=K9F?GH9?=:QH9?=GJQGM;9F?G>JGEGF=
;@9HL=JLG9FGL@=JMKAF?L@=,MA;CBMEHLL@==F<G>=9;@;GMJK=EG<MD= ;9FAFK=JL9EG<MD==N9DM9LAGF
/@AKEG<MD=AKN=JQ>D=PA:D=9F<9DDGOKL@=LJ9AF=JLG=KL9:DAK@K=N=J9D=N9DM9LAGFE=L@G<K,M=KLAGFK;9F:=DAC=
LJM=GJ >9DK=
IM=KLAGFKOAL@9KAF?D=;GJJ=;LN=JKAGF
EMDLAHD=;@GA;=IM=KLAGFK
>ADD?9HK67 (GG<D=9DDGOK
L@= MLADAR9LAGF  G> 9 D9J?= J9F?= G> J=KGMJ;=K
 >JGE ;@9LK 9F< >GJMEK LG GFDAF= :GGCD=LK
 9 N9JA=LQ G> IM=KLAGFK

1145 Maria Luminita Gogan et al. /  Procedia Technology  19 ( 2015 )  1142 – 1148 
;GDD=;LAGFKG> HJG:D=EK 9F< =P=J;AK=K
 D=;LMJ=FGL=K AF;DM<AF? 9EMDLAE=<A9 J=KGMJ;=K KM;@ 9K ?J9H@A;K
 NA<=GGJ
9M<AGGJ +GO=J+GAFL 67
(GG<D=G>>=JKLGHJG>=KKGJKL@=:=KLLGGDKLGE9F9?=9F<HJGEGL=D=9JFAF?9F<9DDGOKGJ?9FARAF?
E9F9?AF?9F<
<=DAN=JAF? ;GMJK= E9L=JA9DK
 L@MK ;J=9LAF? 9 >JA=F<DQ =FNAJGFE=FL +JG>=KKGJK ;9F HJGNA<= KLM<=FLK OAL@ 9 D9J?=
9EGMFLG> J=KGMJ;=K L@9L L@=Q ;9FFGL MKM9DDQ K@GO AF L@= ;D9KKJGGE<M= LG LAE= ;GFKLJ9AFLK '=KKGF L9KCKOAL@AF
(GG<D=;9F:= DAFC=< LG9FQ J=KGMJ;=K L@9L9J=MHDG9<=< LGGF=K K=JN=JGJ L@9L9J=9N9AD9:D=GF L@=$FL=JF=L/@=
KLM<=FLK=PHDGJ9LAGFG>9FQG>L@=;GFL=FL:9K=<J=KGMJ;=K;9F := =9KADQ9;;=KK=< :QMKAF?9FQG>L@=(GG<D=:9K=<
=N9DM9LAGF9F<>==<:9;CLGGDK/@=<=?J==G>=PH=JLAK=J=IMAJ=<AK=KK=FLA9DDQL@=K9E=9K>GJ9FQOGJ<HJG;=KKGJ
(GJ= KGH@AKLA;9L=<HJ=K=FL9LAGFK KM;@ 9K 9FAE9LAGFKGJ L=PLKH=;A>A; >==<:9;CHJGNAKAGFK F==< LG:= ;J=9L=<MKAF?
=PL=JAGJEMDLAE=<A99ML@GJAF?HJG?J9EK/@=K=E9L=JA9DK;9FFGL:=9<<=<AF9@9J<;GHQ:GGCD=L
(GG<D= @9K H=<9?G?A;9D 9<N9FL9?=K KAF;= AL O9K :MADL AF 9;;GJ<9F;= OAL@ L@= L=9;@AF? 9HHJG9;@ O@A;@
=EH@9KAR=K L@= ;GFKLJM;LAGF G> CFGOD=<?= L@JGM?@ 9;LAN= 9F< AFL=J9;LAN= D=9JFAF?
 9F< D=9JFAF? EMDLAK=FKGJQ
=PH=JA=F;= L@JGM?@EMDLAE=<A9 67/@AKE=9FK ALK ?G9D AK LG HJGNA<= 9 K=L G> LGGDK L@9L KMHHGJL 9F AFIMAJQ 9F<
<AK;GN=JQ:9K=< 9HHJG9;@ LG GFDAF= D=9JFAF? !MJL@=JEGJ=
 AL HMJHGJLK LG ;J=9L= 9F =FNAJGFE=FL L@9L 9DDGOK >GJ
;GDD9:GJ9LAN=AFL=J9;LAGF9EGF?KLM<=FLK9K9KL9F<9DGF=GJAF9<<ALAGFLG;GFN=FLAGF9D;D9KKJGGEAFKLJM;LAGF 67
/@= HD9L>GJE AK MK=< >GJ GL@=J 9;LANALA=K :=KA<=K  D=9JFAF? (GG<D= AK MK=<E9AFDQ AF =<M;9LAGF 9F< 9AEK LG
AEHJGN=L@=L=9;@AF?=PH=JA=F;=
L@JGM?@L@==FJA;@AF?G>L@=LJ9<ALAGF9DLJ9AFAF?9F<9KK=KKE=FLE=L@G<KOAL@L@=
$/:9K=< GF=K Q MKAF?(GG<D=
 L@= KLM<=FLK @9N= L@= GHHGJLMFALQ LG 9;;=KK D=9JFAF? E9L=JA9DK
 AFL=J9;L OAL@
L=9;@=JK9F<;GDD=9?M=K9F<J=;=AN=KH=;A>A; L9KCK9K@GE=OGJCK(GG<D=HJ=K=FLKEMDLAHD= >MF;LAGF9DALA=KO@A;@
E9<= AL LG :=;GE= AF K@GJL LAE= 9 J=HJ=K=FL9LAN= D=9JFAF?HD9L>GJE.GE=G> ALK >=9LMJ=K 9J= KQFL@=KAK=< AF L@=
/9:D=
/9:D=!MF;LAGF9DALA=KG>L@=(GG<D=HD9L>GJE
!MF;LAGF9DALQ =K;AHLAGF
*FDAF=K=D>D=9JFAF?9F<NAJLM9D;D9KKJGGE .=D>LJ9AFAF?EG<MD==F9:D=KL@=<=DAN=JQG>;GFL=FLAF9HJ=<=L=JEAF=<GJ<=J
9KQF;@JGFGMKDQ
LG
L@=MK=JK
L@=Q@9N=L@=HGKKA:ADALQLG :JGOK=L@=;GFL=FLG>H9;=L@=QO9FL1AJLM9D;D9KKJGGE
=F9:D=KL@=<=DAN=JQG>;GFL=FLLGMK=JK
KQF;@JGFGMKD=9JFAF?OAL@L@=9KKAKL9F;=G>9FAFKLJM;LGJ
M<AG9F<NA<=GAFKLJM;LGJ;9F;GEEMFA;9L=OAL@KLM<=FLK/@=AFKLJM;LGJ9F<KLM<=FLK;9F;@9L
/@= AFKLJM;LGJ@9KL@=9:ADALQLGE9F9?=D=9JF=J]KAFKL9FLL=KLK9F<K==L@=J=KMDLKAEE=<A9L=DQ/@=
AFKLJM;LGJ;9F9<BMKL@AK;GMJK=HD9F<MJAF?L@=;GMJK=OAL@GML@9NAF?LGD=9N=AL
*FDAF=/=KLAF? /@=KQKL=E9DDGOKL@=9<EAFAKLJ9LAGFG>L=KLKOAL@IM=KLAGFKG><A>>=J=FLCAF<K;GFKLJM;L=<>JGE
J9F<GEK=LKG>IM=KLAGFK
;GJJ=;LAGFK9F<9MLGE9LA;J=HGJL?=F=J9LAGF/@=HD9L>GJE9DDGOK
L=9;@=JKLGHD9F=N9DM9LAGF
9L<9Q@GMJEAFML=KL9JL9F<<9Q@GMJEAFML=L=JEAF9LAGFO@AD=
E==LAF?L@=L=KL
L@=KLM<=FLOADDCFGO@GOEM;@LAE=@9KLGKGDN=L=KLLL@=9DDGLL=<LAE=L@=
L=KLOADD:=;DGK=<9MLGE9LA;9DDQ9F<L@=KQKL=EOADDK@GOALKJ=KMDL
GEEMFA;9LAGF9F<=P;@9F?= .QKL=E;GFL9AFK>GJMEK>GJKLM<=FLKKGL@9LL@=Q;9FAFL=J9;LOAL@L=9;@=JKGJH==JK >GJ<AK;MKKAGF
G>E9BGJAKKM=K
=P;@9F?=G>=PH=JA=F;=9FKO=JKLGIM=KLAGFK
<=:9L=LGHA;K
GHAFAGFK
=L; 9;@
;GMJK=OADD@9N=ALKGOF>GJMEGF D=9JFAF?HD9L>GJE!MJL@=JEGJ=
L@=KQKL=E9DDGOKMK=JK
=P;@9F?=HJAN9L=E=KK9?=K(=KK9?AF?KQKL=EKMHHGJLKK=F<AF?=N=FLK=FJGDDE=FLAF9LJ9AFAF?
K=KKAGF
LJ9AFAF?K=KKAGFKL9JL=<
?J9FLAF?9?J9<=9F<=E9ADLG=9;@MK=J
(GFALGJAF?9F<;GFLJGD +D9L>GJE=F9:D=KEGFALGJAF?9F<;GFLJGDG>L@=D=9JFAF?HJG;=KKL@JGM?@J=HGJLK/@=K=J=HGJLK GJ
9FQGL@=JDAKLKG>HD9L>GJE9HHDA;9LAGFAFL=J>9;=;9F:==PHGJL=<AF9>GJE9LL@9L9DDGOKL@=AJ
HJG;=KKAF?3'.GJ.1>GJ9<N9F;=<9F9DQKAK
HJAFLAF?/G>MD>ADDL@=EGFALGJAF?AF<A;9LGJKOADD
AEHD=E=FLK=N=J9DLQH=KG>J=HGJLKKGL@9L9L9FQLAE=L@=J=AK9;D=9J HA;LMJ=G>9;LANALQ-=HGJLK
9F<GFDAF=MK=JKDAKL9L9LAE=
KL9LAKLA;KGFMK=JK;GFKAKLAF?G>L@=FME:=JG>;GEHD=L=<LJ9AFAF?
9;LANALA=K
K@GMD<=JLJ9AFAF?9;LANALA=KMF<=JO9Q
L@=FME:=JG>LJ9AFAF?9;LANALA=KFGLQ=LKL9JL=< 
<=L9AD=<HJG?J=KK>GJ=9;@LJ9AFAF?9;LANALQLJ9N=D=<
K=KKAGFKL9LAKLA;KL=KL;GFKAKLAF?G>L@=FME:=J
G>J=?AKL=J=<MK=JK
FME:=JG>L=KLK;GEHD=L=<
L@=FME:=JG>L=KLKAFHJG?J=KK
L@=J=KMDLKG>=9;@
MK=JLG9L=KLKL9LAKLA;K<AKLJA:MLAGFJ=KMDLKAF9L=KL>GJ9?JGMHG>L=KLMK=JKOADD:=>GMF<AFL@=
;GEHD=PKQKL=ELJ9AFAF?
<EAFAKLJ9LAGF9F<K=;MJALQ  D=9JFAF?HD9L>GJEHJGNA<=K9;GFLJGDD=<=FNAJGFE=FL>GJ;9JJQAF?GMLLJ9AFAF?:QJ=KLJA;LAF?
9;;=KKLGMK=JKOAL@9MK=JF9E=9F<H9KKOGJ<N9DA< 9;@MK=JAK9KKA?F=<9JGD=O@A;@?AN=K
;=JL9AFJA?@LKLGMK=L@=HD9L>GJE
1146   Maria Luminita Gogan et al. /  Procedia Technology  19 ( 2015 )  1142 – 1148 
 
   
$F L@AK KLM<Q L@= (GG<D= G> L@= +GDAL=@FA;9 0FAN=JKALQ O9K =P9EAF=< -=K=9J;@ E=L@G< 9<<J=KK=< AF L@AK
9HHJG9;@O9KL@=IM=KLAGFF9AJ= <=N=DGH=<GFL@=:9KAKG>L@=DAL=J9LMJ=J=NA=O /@AKIM=KLAGFF9AJ=9AEKLGA<=FLA>Q
HGKALAN=9KH=;LK
F=?9LAN=9KH=;LK9F<HGKKA:D=AEHJGN=E=FLKAF(GG<D=/@=IM=KLAGFF9AJ=;GFKAKLKG>IM=KLAGFK

O9KAFL=JNA=O=<9FME:=JG>KLM<=FLK>JGE$AKL9F;='=9JFAF?OAL@L@=>GDDGOAF?KL=HKAFALA9LAF?J=K=9J;@

<=N=DGHE=FL 9F< J=HJG<M;LAGF G> L@= IM=KLAGFF9AJ=
 <=L=JEAFAF? K9EHD=
 <9L9 ;GDD=;LAGF
 <9L9 =FLJQ AF ;GEHML=J

;GEHML=JHJG;=KKAF?G><9L9>JGEL@=IM=KLAGFF9AJ=K
KL9LAKLA;9D9F9DQKAK9F<AFL=JHJ=L9LAGFG>KG;AGDG?A;9DJ=K=9J;@
J=KMDLK9F<<J9>LAF?L@=KLM<Q9F<;GF;DMKAGFK >L=JO9J<K
L@=MK=G>(GG<D=]LGGDK:QKLM<=FLK>JGEL@=+GDAL=@FA;9
0FAN=JKALQ /AEAKG9J9 O9K 9F9DQK=< /@= IM=KLAGFF9AJ= @9< LOG KL9?=K L@= >AJKL H@9K= >G;MK=< GF A<=FLA>QAF?
EGLAN9LAGF9D9KH=;LKAFD=9JFAF?9F<L@=K=;GF<KL9?=:9K=<GFA<=FLA>QAF?HGKALAN=9F<F=?9LAN=9KH=;LKG>(GG<D=
/@=  IM=KLAGFK G> L@= IM=KLAGFF9AJ=
 O@A;@ O=J= J=IM=KL=< 9FKO=JK
 O=J= ;DGK=< IM=KLAGFK =FLJ9DAR9LAGF
IM=KLAGFF9AJ=KO9KG:L9AF=< MKAF?"GG?D=G;KHD9L>GJE!A? 
!A?,M=KLAGFF9AJ=AFL=J>9;=
/@=E9AFJ=KMDLK<=JAN=<>JGEL@AKJ=K=9J;@GFKLM<=FLK>JGE$
9;9<=EA;Q=9J  9J=
 2AL@9J=KHGFK=J9L=G>
KLM<=FLKJ=KHGF<=<F=?9LAN=DQ
@=F;=L@=MK=G>(GG<D=AK =9KADQ9HHJG9;@9:D=
9F<L@=AF>GJE9LAGF>GD<KLGL@=D=9JFAF?KLQD=KG>KLM<=FLKKMJN=Q=<
 $FL=JEKG>EGLAN9LAGF9DAKKM=KL@=HGAFLG>NA=OG>L9J?=L?JGMH9F9DQR=<9J=J=9DLAE=9;;=KKLGAF>GJE9LAGF
L@=
9:ADALQLG;@GGK=9GHLAE9DD=9JFAF?LAE=E9F9?=E=FL
9:ADALQLGOGJCAF?JGMHK
 $F L=JEKG> L@=F=?9LAN=9KH=;LKG> L@AKHD9L>GJE9J=FGL L=KL=<9<=IM9L=DQ >GJKLM<=FL:9;C?JGMF< AF>GJE9LAGF

D9;CG>HJ9;LA;9D9;LANALA=K
AF;J=9K=<JAKCG>L@=G;;MJJ=F;=L=;@FA;9DHJG:D=EK$FL=JF=L.=JN=JGN=JDG9<
>9ADMJ=
LG?AN==N=JQHGKL9F<MF9:D=LGE9C=;@9F?=KOAL@GMLL@=9<EAFAKLJ9LGJ
 $<=FLA>A=< HGKALAN= 9KH=;LK G> L@AK HD9L>GJE 9J= J=LJA=NAF? 9DD F=;=KK9JQ AF>GJE9LAGF O@A;@ AFNGDN=K ?9AFAF?
CFGOD=<?=
;GFF=;LLG9FQ<=NA;=HD9L>GJEL=;@FGDG?Q
AFL=J9;LAGF:=LO==FL=9;@=JK9F<KLM<=FLK
	!
2AL@ L@= AFL=?J9LAGF G> L@= O=: HD9L>GJE
 AFLG L@= <AKL9F;= D=9JFAF? KQKL=E
 L@=J= @9K :==F 9 LJ9FKALAGF >JGE
;=FLJ9DAK=< ;D9KKJGGE:9K=< =<M;9LAGF LGO9J<K <AKLJA:ML=<  D=9JFAF? ;GMJK=K L@9L ;9F := L9C=F 9FQLAE= 9F<
9FQO@=J= /@= <AKL9F;= D=9JFAF? ;9F HJGNA<= F=O >GJE9LK ;GEH9J=< LG LJ9<ALAGF9D L=9;@AF? KLJ9L=?A=K L=9;@AF?

J=9<AF?9F<DAKL=FAF?/@=Q9DKG9DDGOKLM<=FLKLG:=;GE=9FAFL=?J9DH9JLG>L@=D=9JFAF?HJG;=KK
F=OKQKL=EK;9F
:==PH=JA=F;=J9L@=J L@9FJ=9<AF?GJ@=9JAF?
9F< AF9<<ALAGF;9FHJ=L=F< LGOGJC9F< D=9JF AF<A>>=J=FLKALM9LAGFK
1147 Maria Luminita Gogan et al. /  Procedia Technology  19 ( 2015 )  1142 – 1148 
OAL@GMLJAKC.G>GDDGOAF?L@=K=;JAL=JA9KLM<=FLKOADD:=9:D=
9MLGFGEGMKDQ
LG ;GFLAFMGMK=N9DM9L=L@=AJCFGOD=<?=
G>;G?FALAN=>MF;LAGFAF?
L@=AJGOF9:ADALA=K
KCADDK
9:ADALA=K
CFGOD=<?=/GJ=9DAR=L@=AJKLJ=F?L@K9F<O=9C9KH=;LK
9F<AFL=JN=F=LG=DAEAF9L=L@=E
LGK=D=;LGHLAE9DL=;@FAIM=K
HJG;=<MJ=K
E=L@G<KG>D=9JFAF?
:QJ=>=JJAF?L@=AJ
;GFKL9FLDQ ?G9DK
 9FLA;AH9L= <A>>A;MDLA=K L@=Q EA?@L >9;= 9F< >AF< KGDMLAGFK LG HJ=N=FLGN=J;GE=
 LG HD9F 9F< LG
GJ?9FAR==>>=;LAN=L@=LAE=KH=FLD=9JFAF?L@=E9L=JA9D>GJKLM<Q /9CAF?AFLG9;;GMFLL@=9KH=;LKHJ=K=FL=< 9:GN=
AL
;9F:=KMEE9JAR=<L@9L<M=LGALKEMDLAHD=>9;ADALA=K9F<=KH=;A9DDQALK=9KQ9;;=KKA:ADALQ
=N=F>GJL@=:=?AFF=JK
L@=
(GG<D=HD9L>GJEHJGN=<LG:=9HGO=J>MD=<M;9LAGF9DO=:=FNAJGFE=FL>GJ<=N=DGHAF?<A>>=J=FLL=9;@AF?D=9JFAF?
9;LANALA=KAFL@=>J9E=G>N9JAGMKGFDAF=;GMJK=K(GJ=L@9FL@9L
L@=KLM<=FLKO@G@9N=:==F=FJGDD=<AF<A>>=J=FL
GFDAF=;GMJK=K<=N=DGH=<GF(GG<D=HD9L>GJE;9F=9KADQLJ9FK>=JL@=AJ9:ADALA=K9F<KCADDK9;IMAJ=<AFL@=<AKL9F;=
LJ9AFAF?HJ9;LA;=
AF>MLMJ= D=9JFAF?KALM9LAGFKGJ?9FAR=<GFGL@=J=<M;9LAGF9DO=:=FNAJGFE=FLK >L=J9F9DQRAF?
L@= J=KMDLK G:L9AF=< AF L@AK KLM<Q
O= ;9F<J9O L@= >GDDGOAF? ;GF;DMKAGFKGF(GG<D= @9K >JA=F<DQ AFL=J>9;=
 AL AK
=>>A;A=FLAFL=JEKG>;GKL
@9K9N9JA=LQG>>=9LMJ=K
=9KQLJ9FK>=JAF>GJE9LAGF
=F9:D=K=9KQ;GEEMFA;9LAGFOAL@=9;@
KLM<=FL
HKQ;@GDG?A;9D;GE>GJL9F<MK9:ADALQAFN9JAGMK>A=D<K
:ADALQ LG E9F9?= GFDAF= ;GMJK=K >GJ =<M;9LAGF9D AFKLALMLAGFK GJ GL@=J ;GEH9FA=K AK 9F AEHGJL9FL >9;ADALQ

9DDGOAF?L@=ELGAEHD=E=FL9F D=9JFAF?KQKL=EOAL@GMLL@=F==<>GJ@9J<O9J=AF>J9KLJM;LMJ=
J=<M;AF?L@=;GKLG>
AEHD=E=FL9LAGF
" 
/@AKOGJCO9KH9JLA9DDQKMHHGJL=<:Q L@=KLJ9L=?A;?J9FL+*.-0.G> L@=(AFAKLJQG>
)9LAGF9D <M;9LAGF
-GE9FA9
;G>AF9F;=<:QL@= MJGH=9F.G;A9D!MF< [ $FN=KLAF?AF+=GHD=
OAL@AFL@=.=;LGJ9D
*H=J9LAGF9D +JG?J9EE=#ME9F-=KGMJ;=K=N=DGHE=FL
/@AK OGJC O9K KMHHGJL=< :Q L@= HJGB=;L ^ P;=DD=F;= 9;9<=EA; JGML=K AF <G;LGJ9D 9F< HGKL<G;LGJ9D J=K=9J;@ 
- _ ;G>MF<=< >JGE L@=  MJGH=9F .G;A9D !MF< L@JGM?@ L@= =N=DGHE=FL G> #ME9F -=KGMJ;=K *H=J9LAGF9D
+JG?J9EE=
;GFLJ9;LFG+*.-0.

67 (9JL=FK - '
 "MDAC=JKO
 9KLA9=FKO %  / /@= AEH9;L G> AFLJAFKA; EGLAN9LAGF GF  D=9JFAF? AF 9ML@=FLA; ;GEHML=J L9KCK %GMJF9D G>
GEHML=JKKAKL=<D=9JFAF?
67 DGFKG!
'YH=R "
(9FJAIM= 
 1AW=K %(F AFKLJM;LAGF9DEG<=D >GJ O=::9K=< D=9JFAF?=<M;9LAGFOAL@9:D=F<=< D=9JFAF?HJG;=KK
9HHJG9;@ JALAK@%GMJF9DG> <M;9LAGF9D/=;@FGDG?Q [
67 1GKK=F "
 %9=K;@C= + '=9JFAF? *:B=;LK 9K 9 0FA>GJE !GMF<9LAGF >GJ  '=9JFAF? +D9L>GJEK $F +JG; L@ $FL=JF9LAGF9D GF>=J=F;= GF
9L9:9K= F?AF==JAF?9F<HHDA;9LAGFK$ .
#GF?&GF?
@AF9
 $   GEHML=J.G;A=LQ+J=KKH
67 (G=( /
DG<?=L# '=9JFAF?/@=CFGOD=<?=2=:+9JL +=GHD=HGO=J\!M=D>GJL@=F=O=;GFGEQ+9JLGJHGJ9L=='=9JFAF?\
!==<AF?@MF?JQEAF<K -=HGJLLG0FAL=<.L9L=K <M;9LAGF/J9AFAF?.=JNA;=K (=JJADD'QF;@
671GKK=F "
2=KL=JC9EH + D=9JFAF?9K92=:K=JNA;==PL=F<=<9:KLJ9;L$F +JG;L@ $FL=JF9LAGF9DGF>=J=F;=GF9L9:9K= F?AF==JAF?
9F<HHDA;9LAGFK$ .
#GF?&GF?
@AF9
$   GEHML=J.G;A=LQ+J=KKH
67  MJGH=9F GEEAKKAGF GEEMFA;9LAGF >JGE L@= ;GEEAKKAGF LG L@= ;GMF;AD 9F< L@=  MJGH=9F H9JDA9E=FL L@= ='=9JFAF? 9;LAGF HD9F
JMKK=DK
67 !J=AJ=+ +=<9?G?QG>L@=GHHJ=KK=<'GF<GF
0&GFLAFMME
67$QGK@A/
#9FF9>AF
(A;9@=9D29F?
!=F?G?FALAN=/GGDK9F<.LM<=FL;=FLJ=<'=9JFAF?-=L@AFCAF?/GGDK
!MF;LAGFK9F<HHDA;9LAGFK
 <M;9LAGF9D (=<A9$FL=JF9LAGF9D[
67&GLR=J. DJ9F4=N=DGHE=FLG> '=9JFAF?=FNAJGFE=FLK;GE:AFAF?D=9JFAF?KCADDK9F<K;A=F;=9F<L=;@FGDG?Q;GFL=FL>GJBMFAGJ@A?@
K;@GGD+JG;=<A9  .G;A9D9F<=@9NAGJ9D.;A=F;=K/=9;@=JK>GJL@=&FGOD=<?= .G;A=LQ
67 /MFCK
(A;@9=D 0KAF?(GG<D=AF4GMJD9KKJGGE +M:DAK@AF?@LLHOOOEAFFAKBGMJF9DK;GE9M=<M;9LAGFLG<9Q9JLA;D=0KAF?(GG<D=AF
QGMJ;D9KKJGGE
67"@MD9E
(&
DD9@)
.@9<AMDD9@&/@=HJ=<A;LGJKG>KM;;=KK>GJ=D=9JFAF?TF@A?@=J=<M;9LAGFAFKLALMLAGFK +9CAKL9F "GE9D0FAN=JKALQ

67@E9<
-9BA.
/9>AD9
%/@=.LM<=FLKLLALM<=LGO9J<0K=+D9L>GJE9K'=9JFAF?-=KGMJ;=K 0FAN=JKALQG>"J9F9<9 
67 0J<9F/
2=??=F GJHGJ9L==D=9JFAF? =PHDGJAF? 9F=O>JGFLA=J$F 2-#(- #/	*
67&@9F # >J9E=OGJC>GJO=::9K=<D=9JFAF? $F F?=DOGG<DA1K
 )%
=<ALGJK <M;9LAGF9D/=;@FGDG?Q+M:DA;9LAGFK
67(=Q=J
 & 
 (;)=9D ' #GO *FDAF= !9;MDLQ $EHJGN= .LM<=FL '=9JFAF? +JG<M;LANALQ 0FAN=JKALQ G> (=EH@AK  @A;C=JAF?
 2 
"9EKGF
5!.=N=FHJAF;AHD=K>GJ?GG<HJ9;LA;=TFMF<=J?J9<M9L==<M;9LAGF29K@AF?LGF
29K@AF?LGF=FL=J)=OK
1148   Maria Luminita Gogan et al. /  Procedia Technology  19 ( 2015 )  1142 – 1148 
67J9?@A;A J?ME=FLK >GJ ;J=9LAF? 9 NAJLM9D ;9EHMK AF L@= ;9K= G>-GE9FA9F J=K=9J;@ F=LOGJC $)+-* +JG;==<AF? G> L@= L@9DC9F
-=?AGF GF>=J=F;= GF  F?AF==JAF?  <M;9LAGF (. 
 JA<?AF? MDLMJ=K 9F< /=;@FGDG?A=K AF L@= L@ =FLMJQ
  [  %MDQ
 .A:AM

-GE9FA9
+M:DAK@=J'M;A9FD9?90FAN=JKALQAF.A:AMH 
67.AJC=E99. $F>GJE9LAGFL=;@FGDG?QTF<=N=DGHAF?9E=L9D=9JFAF?=FNAJGFE=FL AKL9F;=9F< '=9JFAF?
67"MJE9C.
*]GFG?@M=%
2GJLGF#.LM<Q AFLG L@= >>=;LKG> '=9JFAF?*F#A?@=J <M;9LAGF %GMJF9DG>0FAN=JKALQ/=9;@AF?9F<
'=9JFAF?+J9;LA;=
67 J=E=J 
 JQ9FL -  GEH9JAKGF G> LOG D=9JFAF?E9F9?=E=FL .QKL=EK(GG<D= NK D9;C:G9J< AF L@ FFM9D GF>=J=F;= G> L@=
)9LAGF9D<NAKGJQGEEALL==GFGEHMLAF?,M9DA>A;9LAGFK
67 "G<OAF%GF=K
/GGDK>GJ<AKL9F;==<M;9LAGF /GO9J<K;GFN=J?=F;=9F<AFL=?J9LAGF'9F?M9?='=9JFAF?/=;@FGDG?Q
67 J9F<D
& J=QGMJ=9<QLG(GG<D='9F?M9?= '=9JFAF?/=;@FGDG?Q
67 9EH9F=DD9 . =L 9D  D=9JFAF? HD9L>GJEK AF L@= $L9DA9F 0FAN=JKALA=K L@= L=;@FGDG?A;9D KGDMLAGFK 9L L@= 0FAN=JKALQ G> 9JA 2. .
/J9FK9;LAGFKGF<N9F;=KAF F?AF==JAF? <M;9LAGF
